Characterization of mouse embryonic cells deficient in the ctr1 high affinity copper transporter. Identification of a Ctr1-independent copper transport system.
The trace metal copper is an essential cofactor for a number of enzymes that have critical roles in biological processes, but it is highly toxic when allowed to accumulate in excess of cellular needs. Consequently, homeostatic copper metabolism is maintained by molecules involved in copper uptake, distribution, excretion, and incorporation into copper-requiring enzymes. Previously, we reported that overexpression of the human or mouse Ctr1 copper transporter stimulates copper uptake in mammalian cells, and deletion of one Ctr1 allele in mice gives rise to tissue-specific defects in copper accumulation and in the activities of copper-dependent enzymes. To investigate the physiological roles for mammalian Ctr1 protein in cellular copper metabolism, we characterized wild type, Ctr1 heterozygous, and Ctr1 homozygous knock-out cells isolated from embryos obtained by the inter-cross of Ctr1 heterozygous mice. Ctr1-deficient mouse embryonic cells are viable but exhibit significant defects in copper uptake and accumulation and in copper-dependent enzyme activities. Interestingly, Ctr1-deficient cells exhibit approximately 30% residual copper transport activity that is saturable, with a K(m) of approximately 10 microm, with biochemical features distinct from that of Ctr1. These observations demonstrate that, although Ctr1 is critical for both cellular copper uptake and embryonic development, mammals possess additional biochemically distinct functional copper transport activities.